Previously, it has been shown that following muscle unloading, males and females experience different maladaptations in neuromuscular function. As a follow-up, the present investigation sought to determine if male and female neuromuscular systems demonstrated similar, or disparate morphological adaptations to muscle unloading. Twenty young adult male, and 20 young adult female rats were randomly assigned to one of two treatment protocols: muscle unloading, or control conditions. Following the 2-week intervention period, immunofluorescent procedures were used to quantify preand post-synaptic features of neuromuscular junctions (NMJs), and to assess myofiber profiles (size and fiber type composition) of the soleus, plantaris, and EDL muscles. A 2-way ANOVA with main effects for sex and treatment was then used to identify statistically significant (p .05) differences among structural parameters. Analysis of NMJs showed a consistent lack of differences between males and females. Overall, NMJs were also found to be resistant to the effects of unloading. When examining myofiber profiles, however, male myofibers were revealed to be significantly larger than female ones in each of the muscles examined. Unloading resulted in significant myofiber atrophy only in the primarily weight-bearing soleus muscle. Only the EDL showed unloading-induced differences in myofiber type distribution (Type II ! I). These data indicate that different components of the neuromuscular system (NMJs, myofibers) respond uniquely to unloading, and that sex affects myofiber type profiles, but not NMJs. Moreover, it appears that only muscles that have their habitual activity patterns disturbed by unloading (i.e., the soleus, adapt to that intervention). 
Phillips, Isfort, & Tarnopolsky, 2005) . This sex-specific response to muscle unloading has stimulated additional interest in identifying the mechanism(s) that may account for the more severe reductions in neuromuscular function evident in females compared to males as a result of muscle unloading. Accordingly, the objective of the present investigation was to assess the morphological adaptations of male and female neuromuscular systems consequent to the same, relatively brief 2-week period of muscle unloading imparted by the same model (hind limb suspension). Such sex-specific structural remodeling of the neuromuscular system upon exposure to muscle unloading would provide important insight into the previously observed sex-related disparities in neuromuscular function brought about by unloading.
| M A TE RI A L S A ND M E TH ODS

| Subjects
Twenty young male, and 20 young female Wistar rats were purchased from Charles River Laboratories. Upon reaching the age of three months, animals of both sexes were randomly assigned to either control or unloaded treatment groups. This resulted in four treatment groups (male control, male unloaded, female control, female unloaded), each with ten animals. Control rats were housed in pairs in plastic tubs with wood shavings for bedding in which they were free to move about, and were provided water and standard rat chow ad libitum. Rats assigned to the unloaded groups were placed in hind limb suspension chambers (1 rat/chamber) also lined with wood shavings for bedding, with food and water provided ad libitum. To minimize weight loss during unloading conditions, food pellets for these animals were ground to smaller pieces with an ice crusher making food easier to handle, thus promoting eating. Regardless of treatment assignment, all rats lived in environmental conditions featuring a 12-hour light/dark cycle, a temperature of 21-228C, and a relative air humidity of 50%.
| Intervention protocols
The model of hind limb suspension used to impart a condition of unloading (or unweighting) of the hind limbs was first described by Morey (1979) . In this model, the animal's hind limbs are elevated just enough to prevent contact with the floor and, accordingly, weight bearing and locomotor activity. This is achieved by securing adhesive strips along two sides of the animal's tail, attaching a clip so that the rat may be placed into a swivel device (positioned above), then using its forelimbs enable it to move in a 3608 arc. Animals assigned to the unloading intervention remained in this suspended position 24 hours a day for 14 consecutive days. The animals assigned to control conditions remained in their housing tubs and were allowed to carry out normal weight bearing and ambulatory activity at will. All procedures used in the treatment and care of animals were approved by the institution's animal care and use committee, which operates in compliance with the National Institutes of Health Guide for the Care and Use of Laboratory Animals as revised in 2011.
| Cytofluorescent staining of neuromuscular junctions (NMJs)
At the conclusion of the 2-week intervention period, animals were euthanized via decapitation, following anesthesia via ketamine/xylazine cocktail injection. Hind limb muscles were then surgically removed, cleared of fat and connective tissue, quickly frozen at approximate resting length in isopentane chilled with dry ice, and stored at 2858C until analysis. To visualize NMJs, 50 lm thick longitudinal sections of the middle one-third of the muscle were obtained at 2208C on a cryostat (Cryocut, 1800). To prevent contraction of sections, microscope slides were pretreated in a 3% EDTA solution as previously described (Pearson & Sabarra, 1974) . Sections were washed 4 times for 15 min in phosphate buffered saline (PBS) containing 1% bovine serum albumin (BSA). Tissue was then incubated overnight at 48C in supernatant of the primary antibody RT97 (Developmental Studies Hybridoma Bank, Cat # RT97, RRID; AB_528399), diluted 1:20 in PBS with 1% BSA. The RT97 antibody reacts with non-myelinated segments of pre-synaptic nerve terminals (Anderton et al., 1982) . The next day, sections were washed four times for 15 min in PBS with 1% BSA before being incubated for 2 hours at room temperature in Alexafluor 488 conjugated secondary immunoglobulin (Molecular Probes, Cat#A11001; RRID; AB_2534069) which had been diluted 1:200 in PBS with 1% BSA. Sections were then washed four times for 15 min in PBS with 1% BSA before being incubated in a humidified chamber overnight at 48C in a solution containing rhodamine conjugated a-bungarotoxin (BTX; Molecular Probes, Cat# T1175) diluted 1:600 in PBS, along with antisynaptophysin (MP Biomedicals, Cat#0810706, RRID; AB_2334188) at a dilution of 1:50. BTX recognizes post-synaptic acetylcholine (ACh) receptors, while anti-synaptophysin reacts with pre-synaptic vesicles containing ACh, as synaptophysin is the most abundant protein found in the synaptic vesicular membrane (Kwon & Chapman, 2011 
Significance
This investigation demonstrated that neuromuscular junctions (NMJs) do not exhibit sex-specific morphological features, nor are they sensitive to brief (2 weeks) periods of muscle unloading.
In contrast, the myofibers of those same neuromuscular systems show pre-exiting sex-related differences-male fibers being larger than female ones-while both sexes showed that unloading results in myofiber atrophy, but only among muscles that are commonly recruited for weight-bearing activity (i.e., the soleus).
These findings should help us develop optimally focused rehabilitative efforts following medical conditions or clinical procedures that result in limb immobilization (casting), bed rest, or crutchassisted ambulation.
DESCHENES ET AL.
| 285 respect to treatment group to allow for blinded evaluation of NMJ morphology and then stored in the dark at 2208C until analysis. An example of this cytofluorescent staining of pre-and post-synaptic components of the NMJ is displayed in Figure 1 .
Pre-synaptic variables of NMJs assessed included: 1) number of branches identified at the nerve terminal; 2) the total length of those branches; 3) average length per branch; and 4) branching complexity, which, as described by Tomas et al. (1990) is derived by multiplying the number of branches by the total length of those branches and dividing that figure by 100. Pre-synaptic vesicular staining was assessed as: 1) total perimeter, or the length encompassing the entire vesicular region comprised of stained vesicular clusters and non-stained regions interspersed within those clusters; 2) stained perimeter, or the composite length of tracings around individual clusters of vesicles; 3) total area, which includes stained vesicles along with non-stained regions interspersed among vesicle clusters; 4) stained area, or the cumulative areas occupied by ACh vesicular clusters; and 5) dispersion of vesicles, which was assessed by dividing the vesicular stained area by its total area and multiplying by 100. Post-synaptic variables of interest included: 1) total perimeter, or the length encompassing the entire endplate comprised of stained receptor clusters and non-stained regions interspersed within those clusters; 2) stained perimeter, or the composite length of tracings around individual receptor clusters; 3) total area, which includes stained receptors along with non-stained regions interspersed among receptor clusters; 4) stained area, or the cumulative areas occupied by ACh receptor clusters; and 5) dispersion of endplates, which was assessed by dividing the endplate's stained area by its total area and multiplying by 100. In this study, pre-to post-synaptic coupling was quantified by dividing the NMJ's post-synaptic stained area by its total length of nerve terminal branching, as well as by quantifying the percentage of the area of post-synaptic staining of receptors that was overlapped with staining of pre-synaptic ACh vesicles. Finally, to approximate the number of ACh containing vesicles supported by a given length of pre-synaptic nerve terminal branch length, the stained area of occupied by vesicles was divided by the total length of branching for that NMJ. Figure 2 demonstrates how these measurements were acquired.
| Immunofluorescent staining of myofibers
To determine myofiber profiles, 10 lm thick transverse sections were taken from the midbelly of the muscle using a cryostat set at 2208C.
Once placed on a microscope slide, sections were rinsed in PBS with 1% BSA for 5 min. All primary antibodies used to assess myofiber type were obtained from the Developmental Hybridoma Bank at the University of Iowa. These immunogens were initially isolated by Dr. Stefano Schiaffino (Smerdu, Karsch-Mizrachi, Campione, Leinwand, & Schiaffino, 1994) , and donated to the Hybridoma Bank. The antibody BA-D5 (Cat#BA-D5, RRID AB_2235587), diluted to a concentration of 1:10 in PBS with 1% BSA was used to identify Type I myofibers, while to detect Type IIB myofibers (see Figure 3) . Following incubation for 30 min at 378C in humidified chambers, sections were rinsed three times, 5 min each, in PBS with 1% BSA before receiving a 3 min rinse in deionized water. Excess water was gently blotted off and Prolong Gold (Molecular Probes, Cat# P36930) was applied to muscle sections before applying cover slips and storing slides at 2208C in the dark.
| Microscopy
An Olympus Fluoview FV 300 confocal system featuring three lasers and an Olympus BX60 fluorescent microscope (Olympus America) was used to collect and store images of NMJs. Using a 100x oil immersion objective, it was initially established that the entire NMJ was within the longitudinal borders of the myofiber and that damage to the structure had not occurred during sectioning. A detailed image of the entire NMJ was constructed from a z-series of scans taken at .5 lm thick increments. Digitized, two-dimensional images of NMJs were stored on the system's hard drive and later quantified with the Image-Pro Plus software (Media Cybernetics). In each muscle, 10-12 NMJs were quantified and measurements were averaged to represent NMJ morphology within that muscle.
In the quantification of myofiber profiles, an Olympus BX41 microscope equipped with fluorescence capacity (X-Cite, Excelitas Technologies) was used in conjunction with Infinity Analyze software (Lumenera Corporation). A random sample of 125-150 myofibers from each muscle was analyzed to determine average myofiber size (cross-sectional area), fiber type composition (% of each fiber type analyzed for that muscle), as well as percentage of total myofiber area measured that was occupied by each individual fiber type.
| Statistical analysis
All results are reported as means 6 SE. Pre-to post-intervention body mass data were compared with 2-tailed, dependent t-tests. All other variables were compared with a two way ANOVA (main effects of sex and treatment) performed on each NMJ variable of interest. In the event of a significant F ratio for interaction, a Fisher Protected Least Squared Difference (PLSD) post-hoc analysis procedure was conducted to identify significant pair-wise differences. No such post-hoc test was needed for significant main effects, as only two levels (control/ unloaded or male/female) were present for each main effect. In all cases significance was set at p .05. A sample size of 10/group was selected in the present investigation as numerous other studies from our lab have shown this to be effective in identifying significant between group differences in many of the same variables examined in the current study. Moreover, a power analysis based on effect size indicates that for most of the variables studied here, the desired power of .8 is achieved with that sample size (Lockhart, 1998) . In all cases, normality of data distribution was confirmed with the Shapiro-Wilk test.
| R ESU L TS
For the present investigation, the soleus, plantaris, and EDL muscles were studied due to their differing primary functions, and myofiber type compositions. The ankle extending soleus is comprised of 84% Type I (slow-twitch) fibers and functions as the primary postural muscle, and participates in locomotor activity (Armstrong & Laughlin, 1985a , 1985b Delp & Duan, 1996) . The plantaris is also an ankle extensor, but is made up predominantly (94%) of Type II (fast-twitch) myofibers and principally serves in locomotor activity, with little participation in maintaining posture (Armstrong & Laughlin, 1985a , 1985b Delp & Duan, 1996; Laughlin, Mohrman, & Armstrong, 1984) . The EDL, while also mainly a fast-twitch muscle (96% Type II), functions as an ankle flexor, and plays little role in posture and only a limited one during locomotor activity (Armstrong & Laughlin, 1985b; Delp & Duan, 1996; Rasmussen et. al., 1978) .
| Body mass
At the onset of the intervention period, statistical analysis of body mass data disclosed a main effect for sex showing that male rats were significantly heavier than female rats (n 5 20/group; F (1, 38) 5 1817.9; p 5 .0001). At the conclusion of the 2 week intervention period, ANOVA results indicated that male rats were still heavier than female ones indicating a main effect for sex (n 5 20/group; F (1, 38) 5 502.4; p 5 .0001), while at this time period, a main effect for treatment (n 5 20/group; F (1, 18) 5 24.1; p 5 .0001) was also noted (control > unloaded) which was not detected at the pre-intervention stage.
Dependent t-tests (pre-to post-intervention) revealed, however, that hind limb suspension resulted in a significant decline in body mass among male (n 5 10; t 5 2.64; p 5 .027), but not female rats (n 5 10; t 5 .88; p 5 .399). Moreover, in both male (n 5 10; t 5 4.19; p 5 .002) and female controls (n 5 10; t 5 2.24; p 5 .05) a significant increase in body mass was accrued during the intervention period. All body mass data are displayed in Table 1 .
| NMJ morphology 3.2.1 | Soleus
Among the numerous morphological variables examined in the NMJs of this mainly slow-twitch, postural muscle, the only significant finding was that of a main effect for treatment showing that nerve terminal branch number was higher among unloaded rats than in control animals (n 5 20/group; F (1, 38) 5 6.25; p 5 .017). In no other parameter of interest, either in the pre-or post-synaptic segments of the NMJ, were significant differences noted either for sex, treatment assignment, or their interaction, in the soleus. Data concerning the effects of sex and unloading in soleus muscle NMJs are presented in Table 2 .
| Plantaris
In this primarily fast-twitch ankle extensor muscle, again only a single variable of interest exhibited a significant difference, namely, presynaptic area of vesicle staining. The original ANOVA procedure showed a main effect indicating that unloaded plantaris muscles featured a greater number of stained vesicles per synapse (n 5 18/group; F (1, 16) 5 4.87; p 5 .034). All findings regarding the effects of sex and unloading on NMJs of the plantaris muscle can be found in Table 3 .
| EDL
Like the plantaris, the EDL is considered a fast-twitch (Type II) muscle; but unlike the plantaris, this anterior leg muscle functions as an ankle flexor. Although there was a paucity of significant differences in NMJ structure revealed, the EDL did feature the greatest number of synaptic ) 232.1 6 33.6 232.0 6 27.8 182.0 6 23.9 210.7 6 21.6 Endplate/Branching 2.0 6 0.1 1.9 6 0.2 2.0 6 0.2 1.9 6 0.1 Pre-to postsynaptic coupling 61.6 6 9.1 54.5 6 7.3 76.1 6 16.0 65.0 6 10.1 Endplate dispersion (%) 41.9 6 4.2 37.0 6 1.0 33.7 6 2.5 39.6 6 2.7
Values are means 6 SE, n 5 10/group. a indicates significant (p 0.05) main effect for treatment (Unloaded > Control).
Branching complexity 5 branch number x total branch length 4 100; Vesicle/branching 5 stained vesicle area 4 total branch length; Vesicle dispersion 5 stained vesicle area 4 total vesicle area x 100; Endplate/branching 5 stained endplate area 4 total branch length; Pre-to post-synaptic coupling 5 stained endplate area 4 stained vesicle area x 100; Endplate dispersion 5 stained endplate area 4 total endplate area x 100.
differences among the three muscles examined. Indeed, four of the morphological parameters assessed were determined to have signifi- 6.41; p 5 .015) was noted (male > female), as well as a significant interactive effect between sex and unloading for that variable (n 5 10/ group; F (3, 36) 5 5.91; p 5 .02). Post-hoc analysis showed that the total length of pre-synaptic nerve terminal branching was significantly more impressive in male control rats than among the three other treatment groups (n 5 10/group; F (3, 36) 5 4.5) including male HS (p 5 .017), female control (p 5 .001), and female unloaded animals (p 5 .014). In addition, average branch length was found to display a significant interactive effect between treatment group and sex (n 5 10/group; F (3, 36) 5 4.47; p 5 .041). Post hoc results indicated that mean branch length was greater in male control NMJs, than in female control synapses (n 5 10/group; F (1, 18) 5 1072; p 5 .044). It was also noted that nerve terminal branching complexity displayed a significant main effect for sex indicating enhanced branching complexity in male compared to female synapses (n 5 20/group; F (1, 38) 5 3.91; p 5 .05).
Along with those gender-specific differences in nerve terminal branching, ANOVA results identified a significant main effect for treatment (n 5 20/group; F (1, 18) 5 4.71; p 5 .036) when examining pre-to post-synaptic coupling. More specifically, it was ascertained that there was a greater degree of overlap of pre-synaptic ACh containing vesicles with post-synaptic ACh receptors in unloaded rats relative to control animals. All data regarding NMJs of EDL muscles are reported in Table 4 .
| Myofiber profiles 3.3.1 | Soleus
In examining myofiber profiles of our muscles of interest, the focus began with fiber size, or cross-sectional area. Initial ANOVA results on myofiber size did not distinguish among individual fiber types and instead were collapsed across fiber type to examine main effects of sex and treatment, along with interaction between those two factors. Statistical analysis revealed a significant main effect for both sex (n 5 20/ group; F (1, 18) 5 6.30; p 5 .016) whereby male myofibers were larger than female ones, and treatment (n 5 20/group; F (1, 18) 5 17.23; p 5
.0002) verifying that unloading induced a significant decrease in myofiber size; no significant interactive effect was observed. To evaluate the effects of unloading on myofibers in more detail, statistical analysis was also conducted on individual myofiber types. In the predominant Type I fibers of the soleus, main effects for sex (n 5 20/group; F (1, 18) 5 6.17; p 5 .017) and treatment (n 5 20/group; F (1, 18) 5 7.18; p 5 .011) were identified, (Male > Female and Control > Unloaded, respectively). No significant interaction between sex and treatment was detected.
The initial ANOVA analysis for Type IIA muscle fibers evinced a significant effect for treatment indicating that unloading resulted in atrophy (n 5 20/group; F (1, 18) ; 5 10.04; p 5 .006), but no effect for sex (n 5 20/group; F (1, 18) ; 5 .69; p 5 .41), or interaction between treatment and sex was detected (n 5 10/group; F (3, 36) 5
.106; p 5 .748).
With respect to myofiber type composition of the soleus and its relationship with sex and unloading, it was discovered that the high percentage of Type I fibers expressed in the soleus (> 95%) was consistent across sex (n 5 20/group; F (1, 18) 5 .585; p 5 .449) and Table 6 .
| EDL
When determining the effects of sex and unloading on this mainly fasttwitch ankle flexing muscle, the initial ANOVA analysis revealed that with fiber types pooled together, a significant effect of sex (n 5 20/ group; F (1, 18) 5 12.280; p 5 .001) was established underscoring that the myofibers of male EDL muscles were larger than those of female EDL muscles. In contrast, no effect of treatment was identified (n 5 20/group; F (1, 18) 5 1.025; p 5 .318). Also, no significant interaction between sex and treatment was detected (n 5 10/group; F (3, 36) 5 .361; p 5 .552).
When quantifying the size of Type I fibers exclusively, again only the effect of sex was found to be significant (n 5 20/group; F (1, 18) 5 7.917; p 5 .007) and showed that male myofibers were larger than female ones. ANOVA results also indicated an absence for a main effect for treatment (n 5 20/group; F (1, 18) 5 1.584; p 5 .216), as well as for the interaction between the two main effects (n 5 10/group; F (3, 36) 5 1.109; p 5 .299). Analysis of Type IIA myofibers of the EDL again showed that male myofibers were significantly larger than those of females (n 5 20/ group; F (1, 18) 5 .037; p 5 .0004), and that neither treatment (n 5 20/ group; F (1, 18) 5 1.025; p 5 .318), nor the interaction between sex and treatment significantly modified fiber cross-sectional area (n 5 10/ group; F (3, 36) 5 .799; p 5 .377).
The assessment of Type IIX myofbers in EDL muscles showed that once again, the only significant effect was for sex (n 5 20/group; F (1, 18) 5 18.369; p 5 .0001). And as before, myofibers of male rats were larger than female ones. In contrast, no significance was observed for treatment (n 5 20/group; F (1, 18) 5 .048; p 5 .827), or for the interaction between sex and treatment (n 5 10/group; F (3, 36) 5 .491; p 5
.488). Table 7 .
| D I SCUSSION
Recently, it has been reported that when men and women are subjected to the same period of muscle unloading, women lose muscular strength to a significantly greater degree than men (Deschenes et. al., 2012; Yasuda et. al., 2005) . However, those investigations featured the assessment of neuromuscular function under in vivo conditions among fully conscious men and women. Accordingly, it could not be ruled out with certainty that differences in motivation during maximal voluntary muscular contractions might have contributed to sex-specific decrements in force production resulting from muscle unloading. Thus, it was determined that to better understand potential mechanisms accounting for gender-specific detrimental adaptations to muscle unloading, a small animal model employing muscle unloading would be useful. Such a model would enable the quantification of morphological adaptations, at the cellular level, of the neuromuscular system in male and female rats exposed to the same model of unloading-hind limb Percentage area occupied by fiber type Type I 10.6 6 2.0 12.1 6 4.5 12.8 6 3.5 7.9 6 1.6 Type IIA 24.2 6 2.0 25.1 6 1.9 21.3 6 3.3 24.5 6 2.6 Type IIX 39.2 6 3.2 36.3 6 2.8 37.4 6 3.2 33.2 6 3.4 Type IIB 26.0 6 6.4 26.5 6 4.8 28.5 6 7.1 34.4 6 6.3
Values are means 6 SE, n 5 9/group. a indicates significant (p 0.05) main effect of sex (Male > Female).
suspension-for the same 2-week intervention period. It was also concluded that not only would male and female rats need to be agematched, but that they would also need to be young rats so that the effects of unloading on the neuromuscular system would not be confounded by the well-established gradual decay of the neuromuscular system during the onset of senescence (Bano et. al., 2017; GonzalezFreire, de Cabo, Studenski, & Ferrucci, 2014; Vetrano et. al., 2014) .
The design employed in the current investigation would provide, then, insight into two vital factors influencing the morphology of the neuromuscular system; sex and changes in habitual use patterns, in this case, unloading. Importantly, in pursuing our research question, the fact that a small animal model was utilized enabled us to examine the two critical components of the neuromuscular system. That is, quantification of the NMJ that delivers essential electrical impulses to the myofibers, along with the myofibers themselves, which contain the contractile machinery that is responsible for muscle action and force production. Consistent with the biological sequence of events leading to muscle contraction, we first examined the morphology of the impulse transducting NMJs before quantifying the size and fiber type distribution of the myofibers generating muscular force. It is also important to note that the muscles examined in this investigation, i.e.
the soleus, plantaris, and EDL, were selected based upon each's unique characteristics in function, and fiber type composition.
Since the soleus is the principal postural muscle in the rat Laughlin, 1985a, 1985b) , it was expected that of the three muscles examined, it would be the one that would be most adversely affected by the hind limb suspension model of muscle unloading used. The data gleaned from NMJ analysis initially informed us that no significant sexrelated differences in NMJ structure were identified among the seventeen pre-and post-synaptic variables quantified. This may be considered surprising given the close relationship between NMJ size and myofiber size previously documented Balice-Gordon, Breedlove, SBernstein, & Lichtman, 1990) . Here, despite the fact that the myofibers of male rats were found to be significantly larger than female ones, the NMJs of male and female soleus myofibers showed no hint of size differences, nor any dissimilarities in the other morphological parameters examined such as pre-to post-synaptic coupling, or pre-synaptic vesicles per unit length of nerve terminal branching. The NMJs of soleus muscles did, however, exhibit one main effect in response to the treatment condition to which rats were exposed. That is, it was revealed that nerve terminal branch number was significantly greater in unloaded soleus muscles compared to those assigned to control conditions. In reality, it is unlikely that this adaptation would directly result in alterations in neuromuscular function given that no matching post-synaptic modification was found to have occurred allowing for changed synaptic transmission.
Despite the resistance of NMJs to demonstrate gender-specific features of NMJ structure, or synaptic modifications to unloading, the myofibers examined in the same muscles evinced a number of sex-specific characteristics and significant adaptations to unloading. For example, as noted earlier (Fox et. al., 2003; Frontera et. al., 2000; MierzejewskaKrzyzowska, Drzymala-Celichowska, & Celichowski, 2011; MierzejewskaKrzyzowska, Drzymala-Celichowska, Bukowska, & Celichowski, 2012) , our male rats displayed significantly larger myofiber cross-sectional areas than female animals, and both sexes experienced significant, and similar, atrophy as a result of unloading. Also, as previously verified (Edgerton et. al., 1995) , it was Type II fibers that underwent the greatest amount of unloading-induced atrophy, despite the fact that Type I fibers are the predominant fiber type in the soleus (Delp and Duan, 1996) . This was found to be true both in male and female rats. It was also of interest to note that although Type I fibers have the highest duty cycle indicating the highest amount of recruitment, within any single soleus muscle it was size and not normal patterns of activity of myofibers that determined the extent of unloading-induced atrophy. But despite the fact that male myofibers were significantly larger than female ones, neither sex was more vulnerable to unloading-induced atrophy than the other as both sexes showed similar rates of atrophy as a result of unloading. Somewhat surprising was our finding that muscle unloading had no impact on the fiber type composition of the soleus as it had been reported earlier that this intervention led to an increase in the relative percentage of Type II fibers (Templeton et. al., 1984; Tsika, Herrick, & Baldwin, 1987) . Perhaps it was the relatively brief period of unloading (2 weeks) that was used in the current study compared to the 4-6 week periods used in those earlier studies that explains this difference in unloading-induced fiber type conversion.
Our next challenge was to reveal neuromuscular adaptations in another ankle extensor, the plantaris, which unlike the soleus mainly functions as a locomotor muscle and does not appreciably participate in posture Laughlin, 1985a, 1985b) . In this mainly fast- In ascertaining myofiber profiles of plantaris muscles, the myofibers of the male muscles were found to be larger than those measured in female plantaris muscles. This result suggests that male plantaris myofibers experienced more pronounced atrophy than female ones as a result of unloading. Unfortunately, due to the research design used, assessment of fiber size prior to unloading was not possible thus precluding direct measurement of pre-to post-unloading alterations in fiber size in male compared to female animals. When assessing the effects of sex and muscle unloading on percent fiber type composition, and relative area of cross-sectional area occupied by individual fiber types, it was discerned that neither of these variables of myofiber profile individually demonstrated significant effects for sex or unloading, nor a significant interaction between them. This is inconsistent with previous studies indicating that even relatively brief periods, i.e., 15 days, of unloading elicit increases in the relative expression of the Type IIB isoform of myosin heavy chain in plantaris muscles (Jee, Sakurai, Lim, & Hatta, 2014) .
Much like the plantaris, in the similarly fast-twitch EDL muscle, NMJs were consistently resistant to the effects of sex and unloading, although this muscle displayed the greatest number of synaptic parameters affected (four) by those two independent variables. Again, these measures were pre-synaptic in nature, with neve terminal branching being longer and more complex in architecture among male rats, which, in turn, decreased the degree of overlap between ACh vesicles and receptors.
As with synaptic measures, myofiber profiles of EDL muscles resembled those of plantaris muscles in that the EDL fibers of male rats were larger than female EDL myofibers, regardless of which treatment group animals had been assigned. Also similar to what was established in plantaris myofibers, unloading failed to induce significant atrophy of EDL myofibers. This supports earlier data indicating that even four weeks of unloading failed to result in myofiber atrophy in the EDL (Deschenes, Britt, & Chandler, 2001 ). This was true not only when fiber types were pooled together, but also when individual fiber types were analyzed separately. This resilience of the EDL to unloading related atrophy is reasonable given the fact that this ankle flexor typically is not markedly recruited during the weight bearing or locomotor activities that are disturbed during hind limb suspension (Armstrong and Laughlin, 1985a; Laughlin et. al., 1984) . In short, the normal activities of the EDL are not interfered with during hind limb suspension, and accordingly, no deleterious adaptations occur in this muscle as they did in the weight-bearing and ambulatory active soleus, which was the only muscle examined that experienced overarching negative adaptations to unloading. This also suggests that impairment of weight-bearing activity is a more potent stimulus to trigger atrophic responses than impaired ambulation, since the plantaris, which participates in locomotor activities, but not maintenance of upright posture Laughlin, 1985a, 1985b) , also was resistant to unloading-related atrophy.
When assessing fiber type distribution of the EDL, it was determined that over 90% of the fibers quantified were fast-twitch (i.e., Type II). This was noted in both male and female rats such that sex had no impact on myofiber type composition of the EDL. When considering the other independent variable of interest, it was discovered that unloading resulted in an increase in the percentage of Type I myofibers present in the EDL. And by extension, it was also noted that unloading was associated with a greater relative area of EDL muscle area occupied by Type I fibers.
In forming meaningful, overarching messages from the data generated by this study, it is noteworthy that NMJ structure was found to be remarkably similar between males and females despite sex-related differences in underlying myofiber size, and that male and female NMJs were equally resistant to the condition of muscle unloading. And although the unloading intervention employed here was brief (2 weeks), earlier investigation has revealed that in young adult rats, the failure of unloading to evoke morphological remodeling of the NMJ is also evident with a longer (4 weeks) unloading intervention among young adult rats (Deschenes et. al., 2003) .
The present findings also revealed that the sensitivity of the neuromuscular system to changes in activity levels depends upon the normal, habitual activity patterns of the muscles involved and whether such activity is disrupted with interventions that eliminate weightbearing and locomotor behavior. Here, the postural soleus muscle experienced a far greater degree of remodeling, i.e. atrophy, than the non-postural plantaris and EDL muscles.
The morphological findings reported here are wholly consistent with physiological ones reported earlier indicating that synaptic transmission across the NMJ is equally effective in men and women, and that muscle unloading, at least for brief periods, does not interfere with synaptic transmission of the peripheral motor nervous system (Deschenes et. al., 2012) . Importantly, the data presented here show that myofiber atrophy is not necessarily precipitated by NMJ degeneration, as has been suggested to occur during the process of sarcopenia, or agerelated muscle atrophy (Alchin, 2014; Rudolf, Khan, Labeit, & Deschenes, 2014) . Also clearly demonstrated in the present investigation was that the two different components of the neuromuscular system (i.e., myofibers and NMJs) can display properties independent of each other both during normal, routine conditions, as well as during periods of altered use. To that point, myofiber profiles exhibited sexrelated differences-mainly expressed as larger myofibers among male soleus, plantaris, and EDL muscles-during normal conditions of activity seen among our control animals. Myofibers, at least those of soleus muscles, were also found to be responsive to the effect of muscle unloading, while NMJs of all three muscles examined displayed a robust resistance to unloading-induced remodeling. This contrasts with previous reports indicating that changes in myofiber size were necessarily associated with concomitant adjustments in NMJ size . The disassociation of the sensitivity of NMJs to unloading from that of myofibers may well be rooted in how unloading directly affects the function of those two structures. That is, the principal function of the NMJ is to transduct electrical impulses from motor neurons to connected myofibers. On the other hand, myofibers are mainly designed to develop contractile force.
It has been found that following a brief, significant depression immediately following the onset of unloading, within seven days neuromuscular electrical transmission activity operates at 80% of that which occurs during control, or normal weight-bearing conditions (Alford, Roy, Hodgson, & Edgerton, 1987) . In contrast, with hind limb suspension, muscle fibers are relieved of their need to perform normal contractile activities for weight-bearing and ambulatory work. Thus the normal activities of myofibers are, indeed, deeply interrupted leading to atrophy.
With respect to the question that initially drove this investigation, the data presented here indicate that under normal (control) conditions, the neuromuscular system both does, and does not, display sexspecific morphology. That is, when examining the synapses of that system, male and female NMJs were found to be structurally similar. However, when quantifying myofiber profiles, it was determined that male muscle cells were significantly larger than female ones in each of the three muscles assessed (soleus, plantaris, EDL). And regarding the question of whether neuromuscular systems exhibit sex-specific sensitivities to the state of muscle unloading, the data refute that notion. In both male and female systems NMJs were unaffected by two weeks of unloading. And while that same intervention resulted in significant myofiber remodeling, the atrophy detected in males and females was similar. The uncoupling phenomenon detected here as it pertains to the two main components of the neuromuscular system (i.e. NMJs and myofibers), must be taken into consideration during the planning and execution of rehabilitative efforts following periods of disuse as a result of injuries, surgery, and bed rest.
